Heavy pollution and offensive odors are found in waters near petroleum industrial districts and oil spillage. In the previous report, we identified toluene and other aromatic hydrocarbons in fish caught on the coast facing petroleum industries.l~ Fish reared in fuel oil A contained unsaturated and aliphatic hydrocarbons, and some aromatic hydrocarbons as sources of repugnant odors.2~ We have reported the presence of organic sulfur compounds derived from petroleum in the flesh of a turbot one of several caught in the Seto inland sea polluted by oil.3~ Then eels were maintained in a controlled laboratory environment in water with a suspension of crude oil. Gas chromatography of the eel flesh revealed the presence of parafins and organic sulfur compounds, the concentration of which increased in accordance with rearing time.4~
In the present study, organic sulfur compounds in the flesh of eels exposed to crude oil suspension in the laboratory were analyzed by gas chromatography-mass spectrometry-computer system. Materials and methods.
The petroleum used was a mixture of Arabian Light Crude oil and Zubea oil (4:1).
Ten eels weighing 130-180 g were reared in sea water containing 250 ppm of crude oil suspension at 20°C and were taken for examination on the 5th day. Eels for the control group were reared and taken under the same conditions.
For gas chromatography, eel flesh homogenates were treated as described in the previous paper.5) The compounds eluted from the silicagel alumina (1:1) column with n-hexane were washed with water, and concentrated with a Kuderna-Danish evaporative concentrator (KD). The concentrate was extracted with acetonitrile. The acetonitrile solution was concentrated with KD. Three hundred grams of eel flesh was finally to 2 ml of acetonitrile solution.
Gas chromatography was as follows: The apparatus employed was a Hitachi 163 with a flame photometric detector (FPD) and a flame ionization detector (FID).
Analytical conditions : The 2 m x 3 mm (ID) glass column was packed with 3 % Silicon SE-52 on Chromosorb W (AW-DMCS) 80-100 mesh. The chromatograph was programmed from 80 to 260°C, 10°C min-'. Carrier gas was nitrogen, flow rate, 40 ml min-'. Air, flow rate, 40 ml min-'. Gas chromatography-mass spectrometry was as follows : The apparatus used was a Shimadzu LKB 9000 gas chromatography-mass spectrometer combined with GCMS-PAC 300 DG computer system, including an OKITAC 4300 mini-computer.
Gas chromatographic conditions : The 2 m x 3 mm (ID) glass column was packed with 3 Silicon SE-52 on Chromosorb W (AW-DMCS), 80-100 mesh. The chromatograph was programmed from 80 to 280°C, 10°C min-'. Carrier gas was helium, flow rate, 35 ml min-'. A total ion collector was used as the detector for GCMS. The mass spectrometric conditions for GCMS were as follows : The ion source temperature was held at 250°C. The mass spectra were obtained at 20 eV of electron energy, 3.5 KY acceleration voltage, and 60 pA of trap current. The repeating scan speed was at 6 sec for mass chromatography.
Results. Gas chromatograms. Acetonitrile extracts of crude oil and eel flesh were analysed by gas chromatograph.
Gas chromatogram of crude oil detected by FPD and FID showed Fig. 1A . Gas (Fig. 1C) . The data indicate that organic sulfur compounds in crude oil were transferred from the water medium to eel flesh.
Gas chromatography-mass spectrometry and mass chromatography. Mass spectra (Fig. 2 ) and mass chromatograms (Fig. 3 ) were taken over the entire range of the peaks in the gas chromatograms. The results are summarized in Table I .
As shown in Fig. 3 , in eel flesh, amount of alkyl (methyl) derivatives of benzothiophenes with smaller carbon numbers of alkyl group occurred more than those with larger carbon numbers. Alkyl derivatives (n=3) of benzothiophene which was contained in crude oil were not found. The data indicate that alkyl benzothiophenes with smaller carbon numbers were more able to transfer than those having larger Table I . The number on MC peak indicate the number of the methyl radical.
The major on total ion current (TIC) identified as pristane (C19H4o). carbon numbers. Amount of C2-C4 alkyl (methyl) derivatives of benzothiophene were almost equally distributed in crude oil. Similar results were obtained in mass chromatograms of alkyl dibenzothiophene groups.
Discussion. Coleman et al.j> described the presence of heterocyclic sulfur compounds in crude oil.
The present experiment indicates that alkyl (methyl) derivatives of benzothiophene, alkyl (methyl) derivatives of dibenzothiophene and also alkyl (methyl) derivatives of naphthalene transfer from oil to eels.
Organic sulfur compounds in crude oil and eel flesh were detected by FPD chromatography : Therefore, these compounds are recommended as a marker of oil pollution in fish.
The presence of alkyl benzothiophenes in crude oil and fish was confirmed as follows : (a) A distinct FPD gas chromatogram specific for sulfur compounds. (b) The ratio 95: 4 of 32S: 34S demonstrated by the intensity of the M" and M++2 ion peaks. The presence of isomers of alkyl benzothiophene in the peaks on gas chromatograms of eel flesh suggests that major alkyl benzothiophenes are composed of isomers of several methyl benzothiophenes.
Conclusion. The authors attempted to select organic sulfur compounds usually contained in crude oil as a marker of oil pollution in fish. Eels (Anguilla japonica Temmink et Schlegel) were maintained in a controlled laboratory environment in water with suspensions of crude oil. Gas chromatography-mass spectrometry and mass chromatography of eel flesh extract showed the presence of organic sulfur compounds of alkyl-(from mono-to pentamethyl) benzothiophenes, dibenzothiophene and alkyl-(from mono-to trimethyl) dibenzothiophenes and of other organic sulfur compounds of alkyl-(from mono-to pentamethyl) naphthalenes. Acknowledgements.
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